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(57) ABSTRACT

Method and system for unspinning a payload ejected from a
spinning artillery projectile where the projectile 1s loaded
with a cargo holding the payload and a payload unspinning
device. The cargo 1s ¢jected from the projectile and the pay-
load unspinning device i1s operated. The cargo includes a
parachute and a shroud which covers the folded parachute and
at least a portion of the payload. The payload unspinning
device includes at least two vo-yo cords. Ejection of the cargo
1s followed sequentially by unwinding of the at least two
y0-yo cords, liberation of the shroud, deployment of the para-
chute and stabilization of the payload.
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UNSPINNING A PAYLOAD EJECTED FROM A
SPINNING PROJECTILE

TECHNICAL FIELD

The present mvention relates to the field of weapon sys-
tems, and more particularly to the unspinning and stabiliza-
tion of a payload ejected from a spinning projectile.

Technical Problem

Body stability and angle of arrival problems are encoun-
tered when attempting to e¢ject apayload intended to approach
the ground about perpendicularly, when the payload 1s ejected
out of a spinning shell travelling 1n ballistic trajectory. Upon
¢jection from the spinning shell and deployment of a para-
chute, the payload spins and wobbles wildly and reaches the
ground at shallow angles instead of about perpendicularly.

Solution to Problem

The problem 1s solved by first starting to de-spin the pay-
load, at least mostly and next, to deploy the parachute. The
terms ‘de-spin’ and ‘unspin’ and derivations thereof are
intended to mean reduction of the rate of spin of the payload
to below a predetermined rate of spin accepted as being
negligible for practical purposes. Thereby, the payload 1s
practically spin-free during descent and closes-in to the
ground 1n near to vertical orientation. De-spinning 1s achieved
by use of a payload unspinning device operating “yo-yo”
cords. Furthermore, the parachute which 1s deployed after
unspinning may be coupled to the payload by bearings to
mitigate transmission of spin from the payload to the para-
chute.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-section of a spin-stabilized payload-
carrying projectile,

FI1G. 2 depicts a cross-section through the payload showing
the cord weights and the yo-yo cords,

FIG. 3 illustrates the payload after liberation out of the
casing, showing the released shroud, the open canopy of the
parachute, and the yo-yo cords which are terminated by cord
weights,

FI1G. 4 shows the stabilized payload supported by the open
parachute, and

FI1G. 5 depicts the payload whereto yo-yo cords are fixedly
coupled.

DESCRIPTION OF EMBODIMENTS

FIG. 1 1s a schematic exemplary embodiment showing a
cross-section of a payload-carrying projectile 10, such as an
artillery shell for example, holding a payload 20 1n the interior
30IN of a projectile casing 30. Payload-carrying projectiles
are well known to those skilled 1n the art and need therefore
not to be described 1n detail.

The front-portion 30F of the projectile casing 30 has an
ogive 32 supporting a control unit 34 and a projectile-sepa-
ration and ejection mechanism 36. The body 30B of the
projectile casing 30 has a cargo compartment 38 wherein a
cargo 40 carrying the payload 20 is stored. The projectile
casing 30 may terminate 1n a casing end portion 30R.

Elements of the cargo 40 carried by the projectile 10 may
include the payload 20, an optional bearing mechanism 42, a
shroud 44, and yo-yo cords 46, which elements are securely
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packaged 1n the cargo compartment 38. The shroud may be
selected as a foldable covering chosen for the protection of
the payload 20.

An end portion 20R of the payload 20 may support the
bearing mechanism 42 for coupling a parachute 48 thereto,
which parachute 1s shown 1n a folded state 1n FIG. 1. A portion
of the payload 20 1s covered by the shroud 44 which also
covers the optional bearing mechamism 42 and the parachute
48. The shroud 44 may be made of lightweight foldable and
pliable material selected for example out of the same material
as used for the canopy of the parachute 48, or of other suitable
natural or artificial material chosen as desired.

Yo-yo cords 46, for example two such cords 46, may be

wrapped around a portion of the shroud 44. A first end S0 of
cach yo-yo cord 46 may be fixedly or releasably coupled to
the payload 20, and a portion of each yo-yo cord 46 with a
second end 52 1s fixedly coupled to a cord weight 54.
In operation, the projectile 10 1s launched into ballistic
trajectory from a gun barrel of an artillery piece, not shown, as
a spin-stabilized projectile. At a predetermined point 1n time
on the trajectory, or at a preset distance along the ballistic
trajectory, the projectile-separation and ejection mechanism
36 may be operated to ¢ject the cargo 40, for example by a
command provided by the control unit 34. Alternatively, the
ejection command may be communicated to the projectile 10
by other methods. In result thereof, the spinning projectile
casing 30 will open up and release the cargo 40, which spins
too.

Once liberated from the projectile casing 30, spinning of
the cargo 40 will apply centrifugal forces on the cord weights
54 which will pull on the yo-yo cords 46. In turn, the yo-yo
cords 46 will start to gradually unwind from around the
shroud 44 and extend radially away relative to the cargo 40.

FIG. 2 1s a schematic exemplary embodiment illustrating a
cross-section through the payload 20 showing the cord
weights 54 already distanced radially away from the payload
20 and coupled thereto by the yo-yo cords 46. The progressive
radial extension of the cord weights 534 decreases the rate of
spin of the cargo 40. However, the unwinding of the yo-yo
cords 46 will come to an end and therewith, unwrapping from
around the shroud 44 will also end, thereby liberating the
shroud 44 away from the payload 20. The acrodynamic and
centrifugal forces that separate the shroud 44 away from the
payload 20 allow the folded parachute 48 to deploy a func-
tionally open canopy.

It 1s noted that one task of the shroud 44 1s to prevent
tangling of the canopy of the parachute 48 with the cords of
the parachute and with the yo-yo cords 46. Another task of the
shroud 44 1s to ensure the sate deployment of the parachute 48
alter the spin of the payload 20 is practically stopped by the
unspinmng device 100.

In a first case 1f desired, the yo-yo cords 46 may detach
themselves from the payload 20, and 1n a second case, remain
coupled to the payload 20. When the yo-yo cords are simply
wound, without fixedly attaching the cord first end 50 to the
payload 20, they will detach themselves when unwinding
comes to an end. Else, 1n the second case, the yo-yo cords will
hang below the payload 20 during descent thereotf toward the
ground G.

For a typical projectile 10 such as an artillery shell, say a
155 mm caliber shell, and for cord weights 34 of 100 grams,
the length of the yo-yo cords 46 necessary to practically stop
the spinning of the payload 20 1s about 80 cm.

FIG. 3 depicts the payload 20 after liberation out of the
casing 30, showing the released shroud 44, the open canopy
of the parachute 48, and the yo-yo cords 46 each one termi-
nated by a cord weight 54. The now unfolded canopy of the
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parachute 48 will contribute to unspin residual spin and to
stabilize the payload 20. The optionally available bearing
mechanism 42 which may couple the parachute 48 to the
payload 20 may prevent some residual spinning of the pay-
load 20 from rotating the parachute 48. However, after lib-
cration of the shroud 44, the possibly remaining relatively
slow spin does not usually interfere with the stabilized
descent of the payload 20 to the ground G.

In FIG. 4 the stabilized payload 20 supported by the open
parachute 48 1s shown 1n free tlight descending towards the
ground G while approaching a vertical orientation. It 1s noted
that the descent of the payload 20 may be intfluenced more by
atmospheric conditions but not so much anymore by a
residual spin of the slowly descending parachute-stabilized
payload 20. Vertical approach of the ground G 1s achieved
even though the payload 20 descends from a relatively low
above-the-soil altitude of the shallow parabolic trajectory that
may be imparted by an artillery gun.

FI1G. 5 depicts the payload 20 whereto yo-yo cords 46 are
fixedly coupled. The payload 20 1s still above ground G but at
least one of the cord weights 34 just touches ground G. If
desired, the contact of one or of both weights 54 with the
ground G may operate the payload 20, say operate as a prox-
imity fuze. Operating the payload 20 may mean for example,
activation, opening, or initiating the functioning or the explo-
sion of the payload 20.

The practical implementation of the system described
hereinabove and the manner of use of such a system 1s
straightforward to those skilled in the art and does not pose
technological or logistical problems. Hence, a detailed
description of such aspects 1s not required.

The description hereinabove thus provides a method for
unspinning a payload 20 ejected out of a spinning artillery
projectile 10. Prior to ejection, the projectile 10 has to be
loaded with a cargo 40 which holds therein the payload 20 and
a payload unspinning device 100. Thereafter the cargo 40 1s
¢jected out and away from the projectile 10 and the payload
unspinning device 100 1s operated.

The cargo 40 includes a parachute 48 and a shroud 44, and
the parachute 48 may be coupled to the payload 20 either by
a bearing mechanism 42 or be coupled thereto 1n fixed attach-
ment. The parachute 48 has a folded state when disposed in
the interior of the cargo compartment 38, and reaches a
deployed state after operation of the payload unspinning
device 100. When disposed 1n the cargo compartment 38, the
shroud 44 covers the folded parachute 48 and at least a portion
of the payload 20.

The payload unspinning device 100 includes at least two
yo-yo cords 46, and each cord thereof has a first end 50 and a
portion with a second end 52. The first end 50 1s coupled to the
payload and the end of the portion with the second end 52 1s
attached to a cord weight 54. Evidently, the portion with the
second end 52 of the at least two yo-yo cords 46 1s wound a
prior1 over at least a portion of the shroud 44.

Ejection of the cargo 40 1s preceded by an ejection com-
mand, and the ejection of the cargo 40 1s followed by the
unwinding of the at least two yo-yo cords 46, the liberation of
the shroud 44, and the deployment of the parachute 48. It 1s
noted that the shroud 44 prevents tangling of the canopy of the
parachute 48 with the cords 46 of the parachute 48, as well as
tangling of the parachute 48 with the yo-yo cords 46. The
shroud 44 thus ensures safe deployment of the parachute 48
alter liberation of the shroud 44 off and away from the pay-
load 20. Unwinding of the at least two yo-yo cords 46 unspins
the cargo 40 and unspins the payload 20 which then descends
in stabilized parachuted payload descent for perpendicular or
near perpendicular impingement on the ground G.
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The description hereinabove also provides a system 1nclud-
ing a spin stabilized artillery projectile 10 carrying a payload
20, where the system comprises a projectile casing 30 con-
figured to hold therein a cargo 40, and the cargo 40 includes
the payload 20 and a payload unspinning device 100. The
system further comprises a projectile-separation and ejection
mechanism 36 configured for ejection of the cargo 40 out of
the projectile 10 and thereatter, for operation of the payload
unspinmng device 100.

REFERENCE SIGNS LIST

No. Item

10 projectile

20 payload

20R end portion of the payload 20

30 projectile casing

30B body of the projectile casing 30

30F front-portion of the projectile casing 30

30IN 1interior of the projectile casing 30
30R casing end portion

32 ogive

34 control unit

36 projectile-separation and ejection mechanism
38 cargo compartment

40 cargo

42 bearing mechanism

44 shroud

46 yo-yo cord

48 parachute

50 cord first end

52 cord portion with second end
54 cord weight
100 payload unspinning device

The invention claimed 1s:
1. A method for unspinning a payload ejected from a spin-
ning artillery projectile, the method comprising:
loading the projectile with a cargo including the payload
and a payload unspinning device, and
ejecting the cargo from the projectile and operating the
payload unspinning device,
wherein:
the cargo further includes a parachute and a shroud,
the parachute has a folded state and a deployed state, and 1s
disposed 1n the cargo 1n the folded state,
the shroud covers the folded parachute and at least a por-
tion of the payload,
the payload unspinning device includes at least two yo-yo
cords, each cord having a first end and a portion with a
second end,
the first end 1s coupled to the payload and the second end 1s
attached to a cord weight,
the portion with the second end of the at least two yo-yo
cords 1s wound over at least a portion of the shroud,
ejection of the cargo 1s preceded by an ejection command,
ejection of the cargo 1s followed by unwinding of the at
least two yo-yo cords, liberation of the shroud, deploy-
ment of the parachute, and stabilization of the payload,
unspinning of the cargo unspins the payload for stabilizing
parachuted payload descent, and
contacting ground with at least one cord weight operates
the payload.
2. The method of claim 1, wherein the parachute 1s coupled
to the payload by one of a bearing mechamism and a fixed
attachment.
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3. The method of claim 1, wherein the shroud prevents
tangling of the parachute as well as tangling of the parachute
with the yo-yo cords, and ensures safe deployment of the
parachute.

4. A system including a spin stabilized artillery projectile
carrying a payload, the system comprising:

a projectile casing configured to hold therein a cargo, the

cargo mcluding the payload and a payload unspinning
device, and

a projectile separation and ejection mechanism configured 10

for ejection of the cargo out of the projectile and there-
aiter, for operation of the payload unspinning device,

wherein:

the cargo further includes a parachute and a shroud,

the parachute has a folded state and a deployed state, and 1s
disposed in the cargo 1n the folded state,

the shroud covers the folded parachute and at least a por-
tion of the payload,

the payload unspinning device includes at least two yo-yo

cords, each cord having a first end and a portion with a
second end,

15

6

the first end 1s coupled to the payload and the second end 1s
attached to a cord weight,

the portion with the second end of the at least two yo-yo
cords 1s wound over at least a portion of the shroud,

ejection of the cargo 1s preceded by an ejection command,

ejection of the cargo 1s followed by unwinding of the at
least two yo-yo cords, liberation of the shroud, deploy-
ment of the parachute, and stabilization of the payload,

unspinning of the cargo unspins the payload for stabilizing
parachuted payload descent, and

contacting ground with at least one cord weight operates
the payload.

5. The system of claim 4, wherein:

the parachute 1s coupled to the payload by one of a bearing
mechanism and a fixed attachment.

6. The system of claim 4, wherein the shroud prevents

tangling of the parachute as well as tangling of the parachute
with the vo-yo cords, and ensures safe deployment of the
parachute.
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